Up-regulation of human endogenous retroviruses (HERVs) is associated with many diseases, including cancer. In this study, an H family HERV (HERV-H)-related gene was identified and characterized. Its spliced transcript lacks protein-coding capacity and may belong to the emerging class of noncoding RNAs (ncRNAs). The 1.3-kb RNA consisting of four exons is transcribed from an Alu element upstream of a 5.0-kb structurally incomplete HERV-H element. RT-PCR and quantitative RT-PCR results indicated that expression of this HERV-related transcript was negatively associated with colon, stomach, and kidney cancers. Its expression was induced upon treatment with DNA methylation and histone deacetylation inhibitors. A BLAT search using long terminal repeats (LTRs) identified 50 other LTR homogenous HERV-H elements. Further analysis of these elements revealed that all are structurally incomplete and only five exert transcriptional activity. The results presented here recommend further investigation into a potentially functional HERV-H-related ncRNA.
Human endogenous retroviruses (HERVs) constitute about 8% of the human genome and are distributed throughout all chromosomes (Lander et al., 2001) . H family HERV (HERV-H) is one of the most abundant HERV families in the human genome. It has recently been reported that there are 926 pol-containing HERV-H pro-viruses in the human genome (Jern et al., 2005) . The pro-viral structure of HERVs mainly consists of 5' LTR-gag-pro-polenv-3' LTR, in which 'LTR' is the long terminal repeat, and the four genes (gag: group-specific antigen, pro: protease, pol: polymerase, and env: envelope) encode structural/functional proteins essential for replication-competent retroviruses. Though most HERV open reading frames (ORFs) have been degraded by deletion or mutation, HERV proteins and transcripts have been detected in reproductive and cancerous cells, such as placenta (Blond et al., 2000) , teratocarcinoma cell lines (Lower et al., 1993) , breast tumor tissues (Wang-Johanning et al., 2003) and cell lines (Faff et al., 1992) , and germ cell tumors (Herbst et al., 1996) . In this study, a HERV-H-related gene was identified and characterized. As opposed to what has been described in the literature, this HERV-H-related gene is down-regulated in cancers of the colon, stomach, and kidney.
A 767-bp HERV-related sequence was amplified in kidney samples with primers designed for RT-PCR detection of a gene we had previously been studying (forward: 5'CTCCTGcTCTTTGCTCCGTG3', reverse: 5'GG_TTGTTCTCTGGtGGGCAG3', lowercase for mismatch and '_' for lack). A BLAT search at the UCSC Genome Browser revealed that the sequence consisted of three exons with a genomic span of 4.3 kb on chromosome 4p15.2. Sequence analysis of the genomic sequence with the tool RepeatMasker revealed a 5.0-kb HERV-H provirus encompassing the 767-bp sequence. 3' RACE assay revealed this transcript to be polyadenylated at the expected site within the 3' LTR at a CA dinucleotide. 5' RACE results indicated that transcription of this HERV-related transcript did not initiate within the expected 5' LTR, but within an Alu element immediately upstream of the 5' LTR ( Figure 1A ). Extensive sequence analysis of the 1.3-kb full-length transcript revealed that it lacked protein-coding capacity, thereby inferring that it might belong to the emerging class of noncoding RNAs (ncRNAs). Nucleotide sequences have already been deposited in GenBank with accession numbers EF535612 (767-bp), EF535613 (3' terminus), and EU669866 (the full-length transcript).
The locus of the provirus was Chr4: 23333592-23338589 (hg18) on the reverse strand. Flanked by 5-bp CCCGC direct repeats at both ends and with intact LTRs, the 5.0-kb HERV-H provirus had terminal structures corresponding to integration into the genome through retro-transposition. Pair-wise alignment of the 5.0-kb HERV-H provirus with the 9.0-kb HERV-H consensus element constructed by Jern et al. (2005) , was carried out with the tool, GeneDoc. The alignment result was then shortened with another tool, Visio, and edited by image editing software. The regions were defined in the same way that Jern et al. (2005) had defined the regions of the 9.0-kb HERV-H consensus. Results showed that large fragments of the gag and pol regions, besides nearly the entire env region, were missing in the 5.0-kb HERV-H provirus ( Figure 1B ). An additional 125-bp segment, lacking in the HERV-H consensus, was found existing in the pre-gag region of 5.0-kb HERV-H. A BLAT search with this 125-bp sequence revealed that similar sequences were contained in many other HERV-H elements, hence suggesting that a HERV-H consensus containing this segment would better represent an 'original' HERV-H provirus.
RT-PCR and quantitative RT-PCR (qRT-PCR) were carried out in order to analyze the transcription level of the HERV-H-related gene in tissue samples and cancer cell lines. Tumor and adjacent normal tissues of the colon, stomach, liver, lung, and kidney were obtained after surgical resection and stored frozen at -80°C until RNA extraction (approved by the ethics committee of Zhejiang University and with the formal consent of all the patients involved). Cancer cells were grown in RPMI 1640 supplemented with 10% fetal calf serum. Total RNA was prepared with Trizol reagent (Invitrogen), according to manufacturer's guidelines. RNA samples were always treated with RQ1 RNase-free DNase (Promega) and purified with phenol/chloroform. RNA was then reverse-transcribed into cDNA using M-MLV Reverse Transcriptase (Promega). PCR assays were performed with Taq DNA polymerase (Promega) in reaction systems containing 0.2 mM forward and reverse primers each. Thermal cycler parameters were 94°C 5 min, (94°C 30 s, 58°C 30 s, 72°C 40 s) x 30 cycles for b-actin/36 for target gene, 72°C 10 min. Sequences of the primers are listed in Table 1 . PCR products were separated on a 1.5% agarose gel, purified and directly sequenced.
RT-PCR results indicated that the HERV-H-related transcript was expressed at relatively low levels in kidney tumors when compared to adjacent normal tissues. Detection in colon and stomach samples also indicated that this transcript was expressed at high levels in adjacent normal tissues and at very low levels in tumor tissues ( Figure 1C) . Transcript levels were further analyzed by TaqMan qRT-PCR, with the glyceraldehyde-3-phosphate dehydrogenase gene (GAPDH) as the endogenous control gene and the average level of colon tumor samples as reference. Sequences of the primers and probes are listed in Table 1 . qRT-PCR assays were performed in reaction systems containing 0.3 mM of each primer and 0.2 mM of probe. Thermal cycler parameters of an ABI PRISM 7700 sequence detection system were 50°C 2 min, 95°C 10 min, (95°C 15 s, 60°C 1 min) x 40 cycles. qRT-PCR assays for detecting both GAPDH and HERV-H4p15.2 were undertaken simultaneously at least three times. Data analysis was carried out according to the DDCt method (Livak and Schmittgen, 2001 ). Significant expressional differences were detected between tumor and adjacent normal tissues of the three types of cancers by paired-samples t tests with the SPSS15.0 tool ( Figure 1D ). Expression of this transcript was found in neither tumor nor normal tissues of both the liver and lungs (results not shown).
RT-PCR results showed the HERV-H-related gene was not transcribed in colon cancer cells HT29, SW480, SW620 or LS 174T, and only at a low level in RKO (Figure 2A). It was expressed at a low level in the embryonic kidney cell line 293T. No expression was detected in the HepG2 liver cancer cell line, neither in placenta, which has been reported to transcribe HERVs at high levels (Muir et al., 2004) . RT-PCR assays produced a smaller band in RKO, SW620, LS 174T and 293T than has ever been seen in tumor or normal tissue samples of the kidneys, colon, stomach, liver or lungs. Sequencing results revealed that this smaller band is another novel HERV-related spliced transcript from 6q24.1 (GenBank accession number EU791617).
Tumor down-regulation of this HERV-H-related gene might be due to the use of an alien promoter rather than the routine 5' LTR. Genes affected by aberrant DNA methylation and chromatin formation include over half of the tumor suppressor genes (Baylin et al., 2001) . In order to determine whether the low to no expression of this transcript in cancer is regulated by DNA methylation, cancer cells were treated with the DNA methylation inhibitor 5-aza-2'-deoxycytidine (DAC; Sigma) and the histone deacetylation inhibitor trichostatin A (TSA; Beyotime) as previously described (Cameron et al., 1999) : initial treatment with DAC (200 nM) for 48 h, with drug and medium replacement 24 h after beginning the treatment, followed by that of the medium containing TSA (300 nM) for a further 24 h. Cells were also treated with high-dosage DAC (5 mM) or 200 nM DAC only for 72 h, with drug and medium replacement every 24 h.
The target HERV-H-related transcript was expressed at higher levels in HT29 through a combined DAC-and-TSA treatment. Nevertheless, its expression did not increase with either low or high doses of DAC alone, neither was it expressed in SW480 nor SW620 with any type of treatment. Expression of the other HERV-related transcript (smaller band) was induced in HT29 and SW480 with all the treatments. It was induced to a higher level in SW620 by DAC combined with TSA, but was in no way affected by DAC alone ( Figure 2B ). The results presented herein infer that the HERV-H4p15-related transcript might be regulated by DNA methylation and histone deacetylation. The other HERV-related transcript identified in various cancer cell lines was regulated epigenetically. However, as it was not transcribed in any type of tissue we tested, no further studies were carried out.
BLAT searches with the 5' and 3' LTRs of HERVH4p15 identified a total of 50 HERV-H elements with lengths ranging from 4690 bp to 6844 bp. Pair-wise alignment was undertaken for each of the 51 elements (including HERV-H4p15) with the HERV-H consensus. According to the segment-deleting patterns, we classified the 51 elements into 10 groups (Supplementary Material, Figure S1 ). Eight among these contained only one member each. Group V contained three members, one of which was HERVH4p15. Group III contained the remaining 40 elements, with lengths ranging from 5639 to 6142 bp. The differences in length among members of group III were largely due to part of the pre-gag region. Sequences in this part of the pre-gag region differed greatly among all of the 51 HERV-H elements. As this region is not viral-protein-associated, lack of sequence conservation is not unexpected. So as to simplify the classification of the 51 elements, this variable part of the pre-gag region was not included. 706 A novel HERV-related gene 
